Abstract. Red squirrels, can produce alarm calls when they detect a potential predator. Observations of natural interactions between red squirrels and large birds, and predator-presentation experiments in the field, showed that red squirrels produce acoustically different alarm calls in response to aerial danger (live birds and a model hawk flown towards them) versus danger approaching from the ground (dogs and humans). The alarm call produced in response to aerial danger is acoustically convergent on the 'seet' alarm call produced by many species of passerine birds in response to raptors. The squirrels' 'seet' alarm is a short, low-amplitude, high-frequency call. These characteristics make the call difficult to localize, and is in a frequency range that is poorly perceived by raptors. Red squirrels produce much louder, wide-bandwidth bark calls in response to terrestrial danger. This is the first demonstration of predator-class specific alarm calls of red squirrels. 1998 The Association for the Study of Animal Behaviour
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Many animals produce alarm signals when they detect a potential predator. Alarm signals can be communicated in many ways, such as the conspicuous stotting gaits and tail or rump patterns of gazelles and other ungulates (e.g. Walther 1977; Caro 1986a, b) , vibrational signals (Cocroft 1996) , olfactory signals (Bradshaw & Howse 1984) , and the acoustic alarm calls of many birds and mammals (e.g. Marler 1955 Marler , 1957 Macedonia & Evans 1993; Hauser 1996) .
There has been interest in alarm calls for two reasons. First, it has been suggested that alarm calling may be an altruistic behaviour, since it may alert other individuals to danger while placing the caller at higher risk by revealing its presence and location to the predator. Thus there has been considerable interest and debate in determining the function of alarm calling, and the relative importance of direct parental care versus inclusive fitness (e.g. Barash 1975; Sherman 1977; Cheney & Seyfarth 1981; Sherman 1985; Grafen 1990; Blumstein et al. 1997) . Second, alarm signals of animals provide insights into the way organisms perceive and classify objects, and whether alarm calls transmit semantic information referring to specific stimuli categories or simply reflect the response urgency in different situations (Macedonia & Evans 1993; Blumstein & Arnold 1995; Hauser 1996; Blumstein & Armitage 1997) .
Red squirrels, are widespread in boreal coniferous forests and mixed deciduous-coniferous forests in North America, from the northern treeline in Canada, from the Atlantic to the Pacific coast, south along the Rocky Mountains to Arizona, from the Great Lakes south into the Appalachians, and along the Atlantic coast in the United States. Red squirrels are solitary for most of the year outside of the mating and breeding seasons. Individual squirrels harvest cones and store them in larders, and defend their feeding territories and stored cones from conspecifics throughout the year (e.g. Smith 1968; Gurnell 1984; Price et al. 1986 ).
Red squirrels produce a variety of vocalizations that have been categorized into five discrete call types (spectrograms published in Smith 1978). Four of these call types are thought to be produced primarily during territorial and agonistic interactions with conspecifics. The fifth call type, the bark vocalization, has been interpreted as an alarm call. The bark call is reported to be a 
